Purpose Mental health and food insecurity are major public health issues among adolescents in Ecuador. Our objective was to determine the relationship between hunger, symptoms of depression, and suicidal ideation among school-going Ecuadorian adolescents. Methods We conducted crude and multivariable logistic regression models using data from the 2007 Global Schoolbased Student Health Survey from Quito, Guayaquil, and Zamora, Ecuador (N = 5524). Hunger was defined as having gone hungry in the past 30 days due to lack of food in the home. Outcomes of interest were symptoms of depression and suicidal ideation with or without planning in the past year. Results Overall, 41.2 % (2200/5467) of students reported experiencing hunger. In multivariable logistic regression models, hunger had an increasing exposure-response relationship with symptoms of depression [sometimes hungry odds ratio (OR) 1.80, P = 0.0001; most of the time or always hungry OR 2.01, P \ 0.0001] and suicidal ideation with planning (sometimes hungry OR 1.55, P = 0.04; most of the time or always hungry OR 2.63, P = 0.001). Conclusion Hunger was associated with increased odds of symptoms of depression and suicidal ideation with planning. Strategies to improve mental health among adolescents in Ecuador should consider the potential contribution of hunger and food insecurity.
Introduction
Ecuador has a high suicide rate at 6.8 per 100,000 population among adolescents (i.e., 10-19 years old) [1] . In comparison, rates of adolescent suicide are lower in the United States at 4.3 per 100,000 population and other countries in Latin America such as neighboring Colombia (5.4 per 100,000 population), but remain higher in others, such as Guyana (15.6 per 100,000 population) [1] . Adolescent suicide may result from the accumulating effect or the interaction of a variety of risk factors, including mood disorders [2] . In Ecuador, there are a number of contextual risk factors that may result in poor mental health among adolescents. Food insecurity is an important public health issue throughout Latin America. Food insecurity refers to an economic and social condition of limited or uncertain access to adequate food for a household [3] . Hunger, in contrast, occurs at the individual level and is a physiological condition that can result from severe food insecurity [3] . A study using data from a nationally representative sample of reproductive-aged women in Ecuador found that 15 % had household food insufficiency (defined as restricted household food supply due to finances) and 15 % had marginal household food insufficiency [4] .
Food insecurity and resulting hunger have been associated with negative physical and mental health effects, particularly in the pediatric population. Among adolescents, these include increased risk for overweight and obesity [5, 6] , stunting [7] , nutritional deficiencies [8, 9] , and illness in general [10] . Several studies have explored the relationship between food insecurity and mental health issues, but these studies have been outside of Latin America. An analysis of a nationally representative US survey reported that household food insecurity was significantly associated with mood, anxiety, behavioral, and substance use disorders among adolescents, even after controlling for socioeconomic status [11] . In an analysis of another nationally representative US survey, family food insufficiency was associated with increased odds of thoughts of death, desire to die, and attempting suicide among 15-and 16-year-old adolescents [12] . In a longitudinal study from Canada, childhood hunger increased the odds of depression and suicidal ideation in late adolescence and early adulthood, after adjusting for potential confounders [13] . In studies using data from the Global School-based Student Health Survey (GSHS), significant associations from multivariable analyses between adolescent hunger and symptoms of depression and/or suicidal ideation have been reported in various countries in Africa [14] [15] [16] . In addition, a study in Ethiopia found gender differences in the association between food insecurity and poor health, which was a composite measure of health that included symptoms often associated with mental health such as feelings of tiredness and low energy and difficulties with school work due to poor health [10] . Females, in general, are more likely than males to report a number of mental health symptoms, including those associated with depression and suicidal thoughts [17, 18] , which may be an indication that they are at higher risk for mental health outcomes from life stressors such as hunger.
Another contextual factor that likely has mental health implications for adolescents in Ecuador is the massive migration of parents to Europe and the United States for employment [19, 20] . This pattern of migration may have implications for the level of parental involvement in the child's life, which has been associated with adolescent mental health outcomes [21] . On the other hand, food insecurity may be higher among families that do not have members working overseas who send remittances back.
Peer victimization, or bullying, has also been associated with mental health outcomes including suicidal ideation [22] [23] [24] , and studies from Africa, Asia, and South America have all suggested that bullying is more common among adolescents who experience hunger [14, 25, 26] . It may be that these adolescents are at higher risk for bullying because of the consequences of food insecurity and hunger, such as stunting [7] , and having lower socioeconomic status [6] , making them more likely targets. This increased risk of peer victimization may mean that food insecure adolescents are at increased risk for mental health disorders due to bullying in addition to, or instead of, food insecurity itself.
No published studies have evaluated the mental health impact of food insecurity or hunger in Latin America, let alone among Ecuadorian adolescents. Understanding this association may help inform public health interventions to improve mental health among this high-risk population. In this paper we aim to examine the relationship of hunger, as well as parental/guardian involvement and experiences of peer victimization, with symptoms of depression and suicidal ideation among Ecuadorian adolescents using data from the 2007 GSHS conducted in Ecuador. Secondarily, we aim to determine if gender is an effect measure modifier of the relationship between hunger and mental health outcomes, as was found for a general health outcome in Ethiopia [10] .
Materials and methods

Sample
The GSHS has been conducted among school-going adolescents in dozens of countries and was developed by the World Health Organization, in collaboration with United Nations Children's Fund, the United Nations Educational, Scientific, and Cultural Organization, and the Joint United Nations Programme on HIV/AIDS, with financial and technical assistance from the US Centers for Disease Control and Prevention (CDC) [27] . The 2007 GSHS from Ecuador was a representative survey of school-going adolescents in three distinct geographic regions of Ecuador: Quito, the county's capital, located in the Andean highlands with 1.6 million residents; Guayaquil, the country's largest city, located on the coastal lowlands with 2.3 million residents; and Zamora, the capital of the more rural province of Zamora Chinchipe with 25 thousand residents. As with other GSHSs, the Ecuadorian GSHS used a twostage clustered sample design with probability proportional to school size. First, schools were sampled if they had grades 8, 9, 10, and 11 and were then selected with probability proportional to the number of students in these grades using a random start. Second, all classes with grades 8, 9, 10, and 11 from the sampled schools were included in the sample frame. Systematic equal-probability sampling with a random start was used to select classes. Students in selected classrooms were then invited to participate. In Quito, 25 schools were sampled, with an average of 2.5 classes selected per school and 46.0 students per class. In Guayaquil, 25 schools were sampled, with an average of 2.5 classes selected per school and 38.9 students per class. In Zamora, 10 schools were sampled, with an average of 2.9 classes selected per school and 24.6 students per class. Overall response rates (unweighted school response rate multiplied by student response rate) were high, at 86 % for Quito and 84 % for both Guayaquil and Zamora.
The survey was self-administered in Spanish and was anonymous. Students entered their answers on computer scannable answer sheets, which were sent to the CDC for scanning, processing, and editing. Editing included setting to missing any values that were out of range (i.e., if a student selected a response that did not correspond to a possible response for a question), had multiple responses (i.e., if a student selected multiple responses to a single question for which only one response was allowed), lacked logical consistency (i.e., if a student selected responses from two related questions that conflicted logically), lacked sufficient responses by all students (i.e., each question had valid data for \60 % of all students), or were incomplete (i.e., student had\20 valid responses on the entire survey). The Ministry of Public Health in Ecuador maintained ethical oversight over the study.
Measures
We examined three mental health-related outcomes: (1) symptoms of depression, defined as a positive response to the question 'during the past 12 months, did you ever feel so sad or hopeless almost every day for 2 weeks or more in a row that you stopped doing your usual activities?' (2) suicidal ideation without planning, and (3) suicidal ideation with planning. Suicidal ideation was defined a positive response to the question 'during the past 12 months, did you ever seriously consider attempting suicide?' Suicidal planning was defined based on response to the question 'during the past 12 months did you make a plan about how you would attempt suicide? ' The main exposure of interest was adolescent hunger. For bivariate analyses, adolescent hunger was categorized as a dichotomous variable based on the response the question 'during the past 30 days, how often did you go hungry because there was not enough food in your home?' A response of 'never' was categorized as 'no' and all other answers were classified as 'yes.' For logistic regression models, adolescent hunger was defined as a categorical variable with four categories: (1) 'never,' (2) 'rarely,' (3) 'sometimes,' and (4) 'most of the time' or 'always,' which were combined as there were relatively low numbers for these last two answers.
We also looked at parental/guardian involvement, as higher parental involvement may be a protective factor for adolescent mental health [21] and may be associated with food security. Low parental/guardian involvement was categorized as a dichotomous variable defined as a response of 'rarely' or 'never' to all three questions regarding parental/guardian involvement and support: (1) 'during the past 30 days, how often did your parents or guardians check to see if your homework was done?' (2) 'during the past 30 days, how often did your parents or guardians understand your problems and worries?' and (3) 'during the past 30 days, how often did you parents or guardians really know what you were doing with your free time?' Responses of 'sometimes,' 'most of the time,' and 'always,' to any of these three questions were categorized as not having low parental/guardian involvement. We categorized the parental/guardian involvement variable this way in order to identify children who had the lowest parental/guardian involvement in all three different domains and to account for the potential multicollinearity among these questions as individual variables.
In addition, peer victimization was included in this analysis because bullying is associated with worse mental health outcomes including suicide outcomes [22] [23] [24] , and prior studies, including studies using GSHS data from Africa, Asia, and South America, have found that bullying is more common among adolescents who experience hunger [14, 25, 26] . Peer victimization was defined using the question 'during the past 30 days, on how many days were you bullied?' A response of at least 1 day was categorized as positive for peer victimization.
Other dependent variables of interest were age, gender, and city of residence (Quito, Guayaquil, or Zamora). Age and gender were self-reported by students. Age was examined as a categorical variable (11 years old or younger, 12 years old, 13 years old, 14 years old, 15 years old, and 16 years old or older). City of residence was based upon where the student took the survey, using Quito, the capital city, as the reference group.
Statistical analysis
We first examined variables in bivariate analysis, using Rao-Scott Chi square tests to assess the statistical significance of associations between hunger and other variables including demographics and outcomes of interest. We then ran crude and multivariable logistic regression models (adjusting for the complex sample design) evaluating the association of hunger and other independent variables with the three mental health outcomes. In order to determine if gender was an effect measure modifier necessitating a stratified analysis, we added an interaction term to each of our final multivariable models (hunger multiplied by gender) and conducted stratified analyses if statistically significant (P \ 0.05). Given the occurrence of missing data, which was assumed to be missing at random, we used a multiple imputation procedure (fully conditional specification [28] ) to examine the effect of bias. All variables in each multivariable model were used to impute variables with missing data, with the addition of survey weights and a combined stratum and cluster variable to account for the complex sample design. We ran 30 imputations for each imputed variable to allow for [98 % efficiency and maximum reliability of standard errors and P values [29] . We then re-ran all multivariable logistic regression models using the imputed data, adjusting for the complex sample design as done in the complete case analysis.
For all analyses, the significance level was set at twosided alpha of 0.05. All analyses were performed in SAS 9.4 (SAS Institute, Cary NC) and adjusted for the selection probabilities (related to the complex sample design) and were weighted to the gender and grade distribution of the school-going adolescent populations of Quito, Guayaquil, and Zamora. Weights were thus calculated using the inverse of the probability of selecting each school and classroom. Base weights were adjusted for non-response at the student-and school-levels and post-stratification adjustment was done by gender within grade.
Results
Description of sample
Overall, 5524 students were included in this study (Table 1) . Most students were from Guayaquil (59.9 %), between the ages of 12 and 15 years old (83.1 %), and slightly more than half were female (50.4 %). With regard to hunger, 58.8 % of students reported no hunger in the past 30 days, while 29.4 % reported rarely going hungry, 7.5 % reported sometimes going hungry, and 4.4 % reported going hungry most of the time or always. A high proportion of students (29.6 %) reported experiencing symptoms of depression in the past year, 6.8 % reported suicidal ideation without planning, and 10.6 % reported suicidal ideation with planning. These mental health outcomes were more prevalent in females versus males (symptoms of depression: 32.5 vs. 26.3 %, P = 0.0002; suicidal ideation without planning: 8.3 vs. 4.7 %, P \ 0.0001; suicidal ideation with planning 13.2 vs. 7.9 %, P \ 0.0001). Low parental/guardian involvement was reported by 17.6 % of students and 27.9 % students reported being bullied in the past 30 days.
Hunger
There were significant differences among students who had experienced hunger versus those who had not in the distribution of symptoms of depression (35.1 vs. 25.7 %; P \ 0.0001), suicidal ideation without planning (7.6 vs. 6.1 %; P = 0.03), suicidal ideation with planning (13.4 vs. 8.9 %; P \ 0.0001), low parental/guardian involvement (21.0 vs. 15.3 %; P \ 0.0001), and peer victimization (38.2 vs. 20.9 %; P \ 0.0001) ( Table 1 ). There were also significant differences in the distribution of adolescent hunger by age, with students 15 years and older more often reporting hunger than younger students.
Symptoms of depression
In crude logistic regression models, the hunger variable overall was significant (P \ 0.0001) and all frequencies of hunger (Table 2 ) versus no hunger, low parental/guardian involvement, and peer victimization were significantly associated with symptoms of depression. In the multivariable logistic regression model, these results remained significant. The hunger variable overall was significantly associated with symptoms of depression (P \ 0.0001). Compared with those who never experienced hunger in the past 30 days, rarely, sometimes, and most of the time or always experiencing hunger was associated with greater odds of symptoms of depression in an increasing exposureresponse relationship (ORs 1.28, P = 0.001; 1.80, P = 0.0001; 2.01, P \ 0.0001, respectively), as was low parental/guardian involvement (OR 1.69, P \ 0.0001) and peer victimization (OR 2.24, P \ 0.0001). In the multivariable model with imputed data, our results remained consistent. When adding an interaction term for hunger by gender into our final multivariable model, there was statistically significant interaction (P \ 0.0001). We then conducted stratified analyses ( Table 3 ) and found that for males, there was no significant association between hunger and symptoms of depression. However, for females, experiencing hunger rarely, sometimes, and most of the time or always was significantly associated with greater odds of symptoms of depression compared with never experiencing hunger in an increasing exposure-response relationship (ORs 1.45, P = 0.0007; 2.51, P = 0.0001; 3.89, P \ 0.0001, respectively).
Suicidal ideation
In crude logistic regression models, low parental/guardian involvement and peer victimization were significantly associated with suicidal ideation without planning (Table 4 ) and suicidal ideation with planning (Table 5) ; however, the hunger variable overall (P \ 0.0001) and all frequencies of hunger (versus no hunger) were significantly associated with suicidal ideation with planning, but not suicidal ideation without planning (hunger overall P = 0.07). In the multivariable logistic regression model for suicidal ideation without planning (Table 4) , was still not significant (hunger overall P = 0.30), but low parental/guardian involvement (OR 1.98; P \ 0.0001) and peer victimization (OR 1.61; P = 0.001) remained significant. In the multivariable logistic regression model for suicidal ideation with planning, the hunger variable overall was significant (P = 0.001) and an increasing exposure-response relationship was observed with increasing hunger frequency associated with greater ORs (Table 5 ). Sometimes and most of the time or always experiencing hunger compared with never experiencing hunger remained statistically significant (ORs 1.55, P = 0.04; 2.63, P = 0.001, respectively), but rarely experiencing hunger was no longer significant (OR 1.21, P = 0.21). In addition, low parental/guardian involvement (OR 2.16; P \ 0.0001) and peer victimization (OR 2.26; P \ 0.0001) were associated with significantly greater odds of suicidal ideation with planning. In the multivariable models with imputed data, our overall results remained consistent for both suicidal ideation without planning (Table 4 ) and suicidal ideation with (Table 5 ) for hunger. When adding an interaction term for hunger by gender in our final multivariable models, there was no significant interaction for suicidal ideation without planning (P = 0.73) or suicidal ideation with planning (P = 0.17).
Discussion
In this study, the prevalence of hunger was high among Ecuadorian adolescents, and was roughly consistent with a previous study determining the prevalence of food insufficiency among Ecuadorian households [4] . We also found a high prevalence of symptoms of depression and suicidal ideation in the past year. Although other epidemiologic data on these outcomes are lacking among adolescents in Ecuador, their magnitude is consistent with the high suicide rate previously reported [1] . Adolescent hunger was significantly associated with symptoms of depression and suicidal ideation with planning even after adjusting for potential confounders. The pattern of the association suggests an increasing exposure-response relationship with more frequent hunger being associated with greater odds of symptoms of depression and suicidal ideation with planning. To our knowledge, this study is the first to report on the association between hunger and mental health outcomes in Latin America. Because our findings are largely consistent with studies from other regions [11] [12] [13] [14] [15] [16] , the mechanisms by which adolescent hunger affects mental health may not be dramatically influenced by region-specific cultural and social norms. However, the observed association between hunger and mental health may be, at least partly, spurious, and be confounded by genetic predisposition. Notably, a previous study found that mental health disorders were more common among parents in food insecure households [30] . Future research on hunger or food insecurity and mental health need to explore this phenomenon by collecting data on and adjusting for parental mental health disorders. In our study, gender was an effect measure modifier for the association between hunger and symptoms of depression, but not suicidal ideation. It is possible that female students react differently to hunger than male students, as suggested by a previous study in Ethiopia evaluating the effect of food insecurity on a general health outcome, and may be more vulnerable to its effects on mental health [10] . However, it is also plausible that this not a real differential effect due to underreporting of depressive symptoms among males [31] . Future research is needed to determine if gender roles might explain gender-based differences in reactions to hunger or food insecurity. However, in the design of these studies, it is particularly important to consider gender-specific behavior that may bias results (e.g., underreporting of depression by males due to fear of social disapproval and less help-seeking behavior), particularly in Latin American countries where machista societal attitudes prevail. In Ecuador, the primary care setting is an ideal setting to screen for not only depression and suicidal ideation, but also food insecurity, as recently recommended by the American Academy of Pediatrics [32] , considering that adolescents continue to regularly utilize healthcare. However, clinicians need to be educated on gender differences in mental health symptoms that might obscure diagnosis [31, 33] .
Low parental/guardian involvement was not only more common among adolescents with hunger, but it was also associated with increased odds of depressive symptoms and suicidal ideation (with and without planning), independently of hunger. Particularly in Ecuador, the associations between low parental/guardian involvement and symptoms of depression and suicidal ideation have important implications. Although the mental health among adult Ecuadorian migrants who live in Spain has been previously studied [34, 35] , research on the mental health of children who are left behind is limited. To our knowledge two studies have explored this in Ecuador, with one being a small retrospective study finding that parental migration was associated with increased risk of depression among adolescents [19] , and the other being a larger cross-sectional study finding that parental migration was associated with worse psychological wellbeing among adolescents [20] . It seems plausible that children who have been left behind have low parental/guardian involvement, as measured in our study, and greater odds of mental health issues. Because of the association we found, adolescents who are left with relatives while their parents leave the country to work should be considered a potentially high-risk population that may benefit from early mental health support. Given the large proportion of Ecuadorian parents working abroad, future research is needed to better understand the mental health status and needs of the children left behind to guide public health interventions. As expected, peer victimization was associated with greater odds of symptoms of depression and suicidal ideation. Although peer victimization is a well-known risk factor for both of these mental health outcomes, as has been demonstrated in other studies [22] [23] [24] , our study could not answer why hunger is more prevalent among adolescents who are bullied. Qualitative research may be particularly helpful to answer this question and to guide the design of future surveys.
The strengths of this study include that the data used were from a representative sample of adolescents and included data on covariates and confounders not available in other studies of hunger, food insecurity, and mental health, such as degree of parental/guardian involvement and peer victimization [11] [12] [13] . We also used multiple imputation to examine bias due to missing data. However, there are also some important limitations of this study. First, adolescent hunger was evaluated using a single question, with uncertain validity about a subjective experience. However, a study comparing a single question about hunger, which was similar to the one asked in this study, to a validated tool assessing food insecurity found reasonable sensitivity (83 %) and specificity (80 %) in a US population [36] . The question used in this study was also similar to a question in the 15-question Latin American and Caribbean Household Food Security Measurement Scale (''During the past 3 months, did you ever feel hungry but didn't eat because there wasn't enough money to buy food?'') [37] . Because any positive response to a question on this scale is considered as having food insecurity, with different degrees (i.e., mild, moderate, severe), we can assume that the children who were classified has having hunger in this study would have very likely had household food insecurity. Therefore, we would think this question would have at least reasonable sensitivity but may lack some specificity in being a proxy for food insecurity. Similarly, a single question was used to measure symptoms of depression that was not all encompassing of the spectrum of symptoms; however, this question has previously been used as a proxy for depression in the Youth Risk Behavior Surveillance System survey in the US [38] , despite this limitation. Second, as this was a cross-sectional survey, temporality is unclear and thus, direction of causality is also unclear as hunger recall was for the last 30 days and symptoms of depression and suicidal ideation recall were for the last 12 months. However, food insecurity and resulting hunger is typically a chronic experience [9] and a previous longitudinal study established the temporality of childhood hunger and adolescent suicidal behavior [13] , making us more confident in the forward causality of the associations we found. Nevertheless, reverse causality in at least a portion of the sample is a possibility, as hunger may be a symptom of depression. Third, data on additional relevant confounders that may increase the risk of household food insecurity and adolescent mental illness and suicidal ideation, such as parental mental illness [30] , were not analyzed as they were not collected as part of the GSHS. Fourth, our data are only generalizable to adolescents in the cities of Quito, Guayaquil, and Zamora, Ecuador who go to school and were present the day of the survey, which is relevant as school enrollment and truancy may potentially impact the relationships between the variables assessed in this study [39] . In the absence of data on additional confounders, it may be that hunger is a marker of other adverse exposures associated with poverty that increase the risk of depression and suicidal ideation among adolescents. Thus, future research is needed to further elucidate the causal relationship between food insecurity, its resulting hunger, and mental health, taking into account additional risk factors, and the role of gender. In addition, research is needed on adolescents who do not attend school. Nevertheless, our findings have potential policy implications to improve the mental health among adolescents in Ecuador. As the population in this study was school-going, school may be an ideal setting to address issues relevant to adolescent mental health, including hunger and peer victimization. A recent study found that a school-feeding program did not significantly alter the relationship between household food insecurity and mental health problems among US adolescents [40] , so scaling up mental health outreach, particularly in poorer areas where there is more hunger, may be the most straightforward approach to support mental health in this population.
